N. R. Brown and R. S. Siegler (1996) found that training participants on a subset of country populations improved estimations for novel transfer country populations, an effect called seeding that remained intact over time. They attributed this effect to the abstraction by participants of a general metric framework for estimating populations not dependent on specific country anchors. In a series of 3 follow-up experiments, the authors found that training on seed populations produces both general metric information and durable specific country information. Moreover, minimal amounts of general (mean or range of populations) or specific (1 or 3 countries) information made available for inspection while estimating produced a significant seeding effect. Retention over long intervals was facilitated by both presenting 3 seed countries as opposed to 1 and providing names for the seed countries.
Making quantitative estimations is an important part of our daily lives, from figuring out how long it will take to get to work in the morning to deciding what time to put dinner in the oven. Although we are fairly accurate when it comes to estimating some routine quantities like these, we seem to have a poor ability to estimate or to remember other specific numeric information, such as country populations or the distances between cities (Brown & Siegler, 1993; Paulos, 1988 Forming representations of quantities is likely to be affected by many factors, including existing domain knowledge, the amount of new information available, and whether estimation heuristics are applied. Brown and Siegler (1993) proposed a framework with two major processes as potential explanations of the representation and use of country population data: mapping and abstract metrics. Mapping entails knowledge of which countries are large and small so as to map a new, novel, or unknown country to an appropriate population estimate. Metrics, on the other hand, refers to the statistical properties of the populations, such as their distribution, central tendency, and variability.
Participants in Brown and Siegler's (1993) studies seemed to rely both on heuristics based on familiarity and on domain-specific knowledge (e.g., the fact that industrialized countries may be more populated than undeveloped countries) as tools to map countries to populations. Estimates often reflected familiarity with the countries' names so that population estimates of countries that had been in the news recently, such as the Soviet Union or Iraq, were higher, although not more accurate, than population estimates for more obscure countries such as Burkina Faso. The participants' rating of familiarity of each country was the best predictor of the size of their estimate. The use of familiarity by participants is reminiscent of Tversky and Kahneman's (1973) availability heuristic for decision making and suggests that participants were using a sense of how easily a country came to mind as an index of how populated that country was. The biggest estimation errors were caused by assuming that many of the small, but familiar, European countries, such as Switzerland, had large populations. Provided with correct examples of countries and their populations, participants were able to improve their ability to map the countries appropriately, which was demonstrated by improved rank-order correlations between estimated and actual country populations. Participants in this study clearly relied on metric information, in addition to mapping, in some situations. In fact, providing participants with distributional parameters such as the mean population and the range of populations decreased the familiarity bias. Siegler (1993, 1996) demonstrated that estimates of countries' populations in general can be dramatically improved by training on a subset of populations. They called this effect "seeding the knowledge base." The process begins by presenting participants with the correct information for some subset of countries and then asking them to estimate the populations of other countries for which no prior information has been provided. Improvement in performance on the untrained countries indicates the extent to which participants are able to transfer their knowledge of the trained subset of populations to the remaining populations. Using this procedure, Brown and Siegler were able to demonstrate improved estimations for a number of different quantities such as the distance between cities (Brown & Siegler, 2001 ) and latitudes and longitudes for geographic locations (Friedman & Brown, 2000) in addition to country populations.
The seeding procedure is extremely effective in improving individuals' estimates in quantitative domains in which the details are relatively unfamiliar before seeding. How do these improvements take place? As noted by Brown and Siegler (1996) , participants may use a strategy of attempting to store each country's population and then using stored individual facts as anchors for future comparisons when estimating new country populations. This proposal is similar to the context theory of category learning in which given items act as cues to retrieve stored exemplars and related information in the same, or a similar, category or concept (Medin & Schaffer, 1978) . Although such an anchoring strategy may include nonquantitative information (e.g., an anchor may be more likely to be used when a transfer country is geographically similar to the anchor country), nonquantitative information need not always be part of an anchoring strategy. Any time a participant uses the specific population value of a seed country to estimate the population value of a transfer country, an anchoring strategy is used. If this is the process by which population estimates are made, then as the memory for particular seed items decays, performance on transfer countries should also decline because the specific items are no longer available to be retrieved as aids for new estimates.
Alternatively, each training item may increase participants' general metric knowledge about countries and populations, thereby forming a framework for estimating all country populations. Relevant statistical information, particularly the central tendency, may be abstracted from the sequence of specific items, and then these abstract parameters, prototypes, or rules could provide the basis for later estimations (Posner & Keele, 1970) . According to this explanation, the estimates for all the countries should not depend on the memory of the specific seed items but rather on the formation and retention of an abstract metric or framework, such as the mean, range, or distribution of the seed items. It has long been known that general information is less liable to decay over time than more specific, item information. In a classic study by Sachs (1967) , for example, participants forgot the surface memory, or specific representation, of a text over time, but retained the gist, or general idea, of the text. Similarly, Posner and Keele (1970) found that general, prototypical information that was abstracted during training on categorizable dot patterns was less susceptible to forgetting than the specific training patterns themselves. Brown and Siegler (1996) found that immediately after seeding, the transfer countries were estimated significantly more accurately than they were during a pretest, although the seeding countries were estimated even more accurately than the transfer countries in this posttest. After a 4-month retention period, the improved performance on the transfer countries was still evident. At this point, the seeding countries were no more accurately estimated than the transfer countries, indicating that most of the specific populations were forgotten. Because the improvement on the transfer countries did not seem to depend on remembering the specific seed items, Brown and Siegler made the claim that the seeding effect is based on representations of general information, abstracted during seeding, and used to form correct statistical ideas about the metric properties of populations.
Consistent with Brown and Siegler's (1996) abstraction principle are the results of Malmi and Samson (1983) that demonstrated that people are sensitive to statistical measures in other domains. Participants in their experiment saw two lists of 50 Scholastic Aptitude Test (SAT) scores, intermingled and randomly presented, one at a time for half a second. After seeing all of the items, the participants were asked to estimate the average SAT score for each group. They were able to provide fairly accurate estimates of the means for each group, which fell within the 95% confidence limits for the actual means of the two groups, even when the distributions were skewed or bimodal. They were also able to provide accurate estimates of the frequency distribution for each group when asked to record the number of scores seen in 10-point intervals. Malmi and Samson concluded that their participants formed a representation based on frequency information that they abstracted during item presentation. In turn, this frequency information was used to estimate the mean of the group by determining the balancing point, or fulcrum, of the distribution. Their conclusion suggests mechanisms by which participants may be able to abstract the central tendency, or other relevant parameters, from frequency information learned during seeding.
Our primary goal in Experiment 1 was to replicate the original experiment of Brown and Siegler (1996) with additional controls, to confirm their results and their explanation for the seeding effect. Their participants were pretested on both the seed items and the transfer countries, then trained on the seed items, and finally posttested on the seed and transfer lists both immediately and after a delay. This design allows for the possibility that estimates for the countries' populations were learned or otherwise affected by the pretesting. Another problem introduced by presenting the same lists repeatedly is the possibility that participants may increase their accuracy by studying known items between the two test sessions. We used novel lists for each estimation task in this experiment, permitting us to test participants with both trained and untrained countries on each occasion in a controlled manner. This procedure should produce less questionable results that may or may not be consistent with the results and theoretical conclusions of Brown and Siegler.
Experiment 1

Method
Design and overview. The experiment consisted of four phases. In the first phase, participants' country population knowledge was pretested using the pretesting list. The second phase was seeding, during which each participant was trained on the seeding list. After seeding, participants were posttested, using a new, previously unseen posttesting list, followed by the previous two lists. The fourth phase occurred when participants returned after 2 weeks. They were asked to estimate the populations of countries on another previously unseen list and on all three of the lists that they had previously seen as a follow-up test.
During the three estimation phases of the experiment, countries were presented one at a time on individual computer screens and participants were given as much time as they needed to estimate each population. Country populations were rounded to the nearest thousand for presentation. During the training phase, each country was presented on the computer screen with its population and remained for 4 s before the next country was presented. The training phase included alternating training and testing trial cycles, which were repeated four times each. Instructions were presented on the computer screen between phases, that is, at the beginning before the pretesting, before the training phase, again before the participants were posttested at the end, and once again before the follow-up test 2 weeks later.
The order of presentation of the four lists was counterbalanced across participants using a Latin square to create four between-subjects conditions. For example, the pretesting list was either List A, B, C, or D depending on the Latin square condition to which a given participant was assigned.
Participants. Twenty-four introductory psychology students at the University of Colorado participated for course credit. Sixteen were women, and eight were men. On average, participants reported low familiarity (M ϭ 2.8) with country populations when asked to rate their familiarity on a scale ranging from 1 (low) to 10 (high). In addition, seven participants reported that they had lived in a foreign country, which might increase their knowledge about other countries' populations.
Materials. Four lists were created from the 96 most populated countries in the world, excluding the United States, China, and India (Information Please LLC, 1996) . The four lists each contained 24 countries and had nearly equal mean populations and ranges. Each list also included countries that were sampled from similar geographic locations. For example, each list contained countries from Europe, South America, Asia, and Africa in approximately equivalent numbers (see Appendixes A and B).
Procedure. The participants attended two sessions and were tested individually on computers in isolated cubicles. In the first session, participants were told that they would be estimating the populations of 24 countries. They were asked if they had lived in any countries other than the United States, and then they were asked to rate their current general knowledge of country populations on a scale from 1 to 10. They were given the population of the United States as an example before beginning.
The participants were then given general instructions, and the computerized portion of the task began. First, participants estimated one list of 24 countries as a pretest. Following the pretest they were presented with a new list of 24 country populations, the seeding information. We used a teststudy procedure for seeding. Participants were presented with the countries in the seeding list one at a time and asked to estimate the populations of each. Then, the actual population for each country was presented with the country's name one at a time. The participants repeated this sequence until they had estimated, and alternately observed, the populations for the countries in the seeding list four times each.
Finally, participants were posttested on the two old lists presented during pretesting and seeding, as well as on an additional, novel list of 24 countries. The two old lists were intermingled in a fixed pseudorandom order, constrained so that every four consecutive countries included two from each list, and were presented after the participants had finished estimating the new list during this phase. Two weeks later they returned and were again posttested, this time on all three of the previously seen lists and a fourth list which was new. Once again, the old lists were presented after the new list, in an intermingled, fixed, pseudorandom order constrained such that every six consecutive countries included two from each list. This last testing session is referred to as the follow-up testing event.
The participants were asked to perform a letter detection task both before and after the experimental task during both sessions. This task took between 5 and 10 min and involved circling target letters in a series of four 25-word paragraphs. They were told that the letter detection task was the primary interest of the experimenters and the estimation task was just a distractor. To discourage studying between sessions the participants were misled into thinking that the second session was going to be a follow-up letter detection task.
Results
All of the estimates lower than 1,000 (2.1%) were dropped as likely to be due to typing errors or a failure to pay attention to the task. The following analyses were conducted on the remaining data. The main measure of population estimates was the order of magnitude of error (OME), calculated as follows: OME ϭ ͉log 10 (estimate/actual)͉, following Brown and Siegler (1996) . Analyses with OME as the dependent variable were done with both subjects and items as the random effect, and are reported in that order for each experiment. The subject analyses were conducted to assess the generality of effects across participants, whereas the item analyses were conducted to assess the generality of the effects across countries. Although subject and item analyses typically yield similar outcomes, such a correspondence is not guaranteed. Results that are significant by a subject but not an item analysis would suggest the pattern was consistent across participants but not items. Likewise, results that are significant by an item but not a subject analysis would suggest the pattern was consistent across items but not participants.
In addition to OME, r to z transformed rank-order correlations between the actual and estimated populations were examined as a dependent variable. In the following analyses all factors are within subjects and within items, with the exception of the counterbalancing factor (Latin square). Latin square was included in preliminary analyses with subjects as the random effect, and in all cases it was not statistically significant and it did not participate in any significant interactions, so it was not included in the results reported here.
The results are summarized in Table 1 in terms of mean estimates, mean differences between the actual and estimated populations, the minimum and maximum OME, and the mean OME for each of the lists during each test.
To determine whether our results were consistent with Brown and Siegler's (1996) claim that there were significant improvements in estimations for transfer countries after seeding, a one-way analysis of variance (ANOVA) was conducted. We examined the differences between the four test events (pretesting, seeding, posttesting, and the 2-week follow-up) on the new list that was presented in each test event (except for the seeding event, for which These results are consistent with the prediction that after seeding, estimates on the transfer countries are more accurate than those obtained before seeding, although not as accurate as estimates for the seeding countries themselves. In addition, estimates on the new list given 2 weeks after seeding were significantly more accurate than those on the list given during pretesting, indicating a durable improvement in estimations after seeding.
The next question was whether an advantage for seeding countries relative to the transfer countries would remain after 2 weeks, indicating that participants may have still had some specific information to use for estimating transfer countries. A 2 (Session 1 or Session 2) ϫ 3 (pretest list, seeding list, or posttesting list) ANOVA was conducted. For all lists, estimates from the immediate posttest at the end of Session 1, as well as the estimates during Session 2, were used. The effect of list was significant, F 1 (2, 46) ϭ 75.94, MSE ϭ .004, p Ͻ .01; F 2 (2, 190) ϭ 50.98, MSE ϭ .027, p Ͻ .01, with the lowest error on the seeding list and no difference on average between the pre-and posttesting lists. The main effect of session was significant only in the item analysis, F 1 (1, 23) Figure  1) . Notably, although the seeding list was worse during the second session (.27 vs. .19 at the end of Session 1), it was still estimated significantly more accurately than the average of the pretest (.37), posttest (.40), and follow-up (.37) lists during the second session,
Rank-order correlations. Brown and Siegler (1996) found that, although the seeding countries were ranked more accurately than the transfer countries, the correlations between the transfer country estimates and the actual populations were not affected by seeding, suggesting that seeding does not change mapping, only metrics. Our data show a similar pattern: The average r to z transformed rank-order correlations between the estimates and the actual populations were computed for each participant. A one-way ANOVA was conducted on the new list for each event except seeding, for which the fourth presentation was used (test event: pretest, end of seeding, posttest, and follow-up) 1 . A significant effect of test event was found, F(3, 69) ϭ 21.25, MSE ϭ .104, p Ͻ .01. The pretest, posttest, and follow-up lists were, on average, significantly different from the seeding countries, F(1, 23) ϭ 42.56, MSE ϭ .201, p Ͻ .01, with the seeding countries (backtransformed M ϭ .79) ordered significantly more accurately than the transfer countries (pretest ϭ .37, posttest ϭ .47, follow-up ϭ .46). The difference between the pretest list and the posttest and follow-up lists on average was not significant, F(1, 23) ϭ 2.22, MSE ϭ .164, p ϭ .15. There was also no significant difference between the posttest and follow-up lists,
A second 2 (Session 1 or 2) ϫ 3 (pretest list, seeding list, or posttest list) ANOVA was conducted on the rank-order correlations using the estimates from the end of the first session and during the second session.
2 There was a main effect of list (pretest, seed, or posttest), F(2, 46) ϭ 26.39, MSE ϭ .140, p Ͻ .01, with the seeding list more accurately ordered on average than the other two, F(1, 23) ϭ 25.89, MSE ϭ .245, p Ͻ .01. The main effect of session was not significant, F(1, 23) ϭ 3.52, MSE ϭ .100, p ϭ .07; however, the interaction between session and list was significant, F(2, 46) ϭ 3.49, MSE ϭ .064, p ϭ .04. The pretesting list was more accurate than the posttesting list during the second session, and the opposite was true in the first session. The seeding list was more accurate than both of the transfer lists during Session 1 and Session 2 (see Table 2 ).
Although seeding may improve the absolute accuracy of estimates, it does not change the relative ordering of the estimates for 1 A parallel analysis was conducted on average r to z transformed Pearson correlations. There were no differences in the pattern of results between the Pearson and rank-order correlations.
2 A parallel analysis was conducted on average r to z transformed Pearson correlations. The only difference between the two analyses was a significant main effect of session in the Pearson correlation analysis, F(1, 23) ϭ 25.35, MSE ϭ .152, p Ͻ .01. Figure 1 . Order of magnitude of error (OME) for population estimates as a function of session (Week 1 or 2) and list (pretest, seed or posttest), using corrected data.
transfer countries. The data also support the claim that participants remember specific information about the seeding countries after the 2-week retention interval.
Follow-up. Specific seed information was remembered after 2 weeks, although the same information was forgotten in Brown and Siegler's (1996) study after a 4-month retention interval. To investigate the possibility that this discrepancy was due to the shorter retention interval we used, we asked our participants to return and reestimate the country lists after 2 months. Only 8 of the original 24 participants were able to return. The pattern of results for these participants was similar to the previous results; there was still some advantage for the seeding items over the transfer items, although the difference was smaller than the comparable difference after the 2-week retention interval.
A one-way ANOVA (list: pretest, seeding, posttest, or followup) was conducted on the data for the 8 returning participants after the 2-month retention interval, with participants as the random effect. There was no significant main effect of list, F(3, 21) ϭ 1.54, MSE ϭ .009, p ϭ .23, but a planned contrast revealed that the difference between the seeding list and the three transfer lists on average was significant, F(1, 7) ϭ 10.01, MSE ϭ .005, p ϭ .02, such that the seeding list (.32) was estimated more accurately than the other three lists (pretest ϭ .39, posttest ϭ .39, followup ϭ .41). There were no differences between the pretesting list and the posttest and follow-up lists on average, F(1, 7) Ͻ 1, MSE ϭ .004, p ϭ .62 or between the posttest list and the follow-up list,
In addition, the rank-order correlations for the seeding countries were still higher (.50) than for the transfer countries (pretest ϭ .26, posttest ϭ .34, follow-up ϭ .31), although the main effect of list was only marginally significant, F(3, 21) ϭ 2.97, MSE ϭ .039, p ϭ .06. There was a significant difference between the seeding list and the transfer lists on average, using a planned contrast, F(1, 7) ϭ 6.10, MSE ϭ .069, p ϭ .04, suggesting that some of the specific information was remembered.
A 2 (session: either Session 2, after 2 weeks, or Session 3, after 2 months) ϫ 4 (list: pretest, seed, posttest, or follow-up) ANOVA was conducted on the data from the 8 returning participants to determine the significance of forgetting over the 2-month retention interval. The effect of session was marginally significant, F(1, 7) ϭ 4.17, MSE ϭ .013, p ϭ .08. The estimates on the lists after the 2-month retention interval were somewhat worse (.37) than after the 2-week retention interval (.32). List was also a significant factor, F(3, 21) ϭ 4.02, MSE ϭ .010, p ϭ .02, such that the seeding list (.27) was more accurate on average than the other lists (pretest ϭ .36, posttest ϭ .38, and follow-up ϭ .37), F(1, 7) ϭ 34.87, MSE ϭ .009, p ϭ .01. There was no interaction between list and session, F(3, 21) Ͻ 1, MSE ϭ .004, p ϭ .44.
Specific estimates.
We searched through individual estimates made by participants to see if any estimates of transfer populations during the posttest and retention test matched exactly (i.e., to four to six significant digits) the specific populations presented during seeding, each of which was unique. This count should provide an extremely conservative index of the use of an anchoring strategy because participants in this case are clearly using the population of a seed item to estimate the population of a transfer item. However, participants may also use an anchoring strategy by estimating transfer populations with values similar to, rather than identical to, seed populations either because participants have forgotten the exact seed populations, because they realize that no two countries have the exact same population, or because they believe that the transfer populations should be larger or smaller than the seed populations used as anchors.
Participants on occasion did in fact use the specific country populations that they had been trained on as estimates for transfer countries later in the experiment. There were eight estimates from the posttest and retention test, accounting for .28% of the total estimates, that matched exactly the specific seed items for a particular participant. Of these, four were made during the posttest and four during the retention test. These estimates were made by 3 different participants, out of a total of 24, indicating that at least a few of our participants retained the specific seed items and used them to estimate transfer populations. For comparison, there was a total of 31 exact matches on the seeding list during the posttest and only 7 exact matches on the seeding list during the retention test. Although there are only a few cases of exact matches on the transfer lists, the fact that any evidence of specific instance use was observed is impressive because of (a) the stringent criterion we used (i.e., matching four to six significant digits), (b) the fact that participants had to rely entirely on their memory for the seed item, and (c) the finding that only a small number of items on the seeding list were estimated exactly during the posttest and retention test. Thus, this experiment provides direct evidence for the use of an anchoring strategy by some participants.
Discussion
Training participants on the populations of a sample of 24 countries significantly improved their ability to estimate the populations of other transfer countries. The populations of transfer countries were estimated with significantly less error than those estimated during the pretesting, although not as accurately as the actual seed items. After 2 weeks, the estimates for all three untrained transfer lists (pretesting, posttesting, and the follow-up lists) were equivalent, although the seeding list was still significantly more accurate than the others. In addition, during both the posttest and retention test, there were some examples in which participants used the exact seeding population values as estimates for transfer countries.
These results are similar to those of Brown and Siegler (1996) , who proposed two possible explanations: anchoring and abstraction. Anchoring, similar to Medin and Schaffer's (1978) exemplarbased learning theory, uses memory for specific populations as anchors, which are then used to estimate new populations. According to the anchoring explanation, participants use the transfer items to cue the memory for related, specific seed countries and their populations in order to reason by analogy to the test country. In contrast, abstraction explains the seeding effect as the result of general population information that is abstracted during learning. Information about country populations, such as the average population and the range of populations, is learned from the specific countries presented during training. This information, in turn, forms a framework for estimating novel country populations (see Posner & Keele, 1970 , for a similar argument in a different domain). Unlike Brown and Siegler's (1996) finding that after the retention interval the seed items were almost entirely forgotten, our participants continued to estimate the seeding countries more accurately than other countries, even after the 2-month retention period. Because there was still some benefit for the seeding items, we cannot clearly eliminate anchoring as a possible explanation for the seeding effect. In fact, we know that exact information concerning the specific seed items was retained and used in at least some cases, providing direct evidence for anchoring. Our stringent criterion likely rules out other cases of anchoring based on less than exact memory for the seed populations, thus underestimating the frequency of anchoring. The improvements in posttest estimates after training are likely due in part to the memory of specific items and not entirely to general population information that was abstracted during training. Despite forgetting some items, participants may have remembered enough for anchoring to improve estimations for the populations in the other lists.
On the other hand, there was significant forgetting of the actual populations of the seed items between the two sessions, although the performance on the other lists did not drop significantly between sessions. This finding suggests that population estimates on those lists were not entirely dependent on the memory for seed items, and lends support to a general information explanation. Our results thus suggest that anchoring and abstraction both contribute to the seeding effect that we and Siegler (1993, 1996) observed.
Experiment 2
Experiment 2 was aimed specifically at the empirical distinction between anchoring and abstraction in participants' estimates of country populations. Because it is likely that both explanations of seeding are valid to some extent, this experiment was designed to tease apart the degree to which the different strategies, or types of information, general or specific, result in estimates of differing accuracy. To determine whether anchoring or abstraction supports greater improvements in estimations, we presented participants with different types of general and specific information while they were doing a test similar to the posttest of Experiment 1. Our goal was to identify the kind and amount of information that maximizes improvements in estimations in the absence of memory constraints.
If a framework of abstract rules formed during training is used, then providing participants with information about the mean, range, or frequency distribution for a sample of countries ought to improve performance as much as seeding with individual countries does. By providing differing amounts of information we might also be able to determine the extent of the information abstracted by participants during seeding. On the other hand, if providing a set of individual country populations, as in the normal seeding procedure, leads to more accurate estimates, it will indicate that anchoring might be a more plausible explanation for the seeding effect than abstraction. Because memory for the seeding information was no longer required, we expected to find more cases in which participants used exact seed population values as estimates of transfer populations in the posttest, providing direct evidence for anchoring.
Method
Participants. Eighty-four undergraduate students at the University of Colorado at Boulder participated for course credit in an introductory psychology class. Twenty-four of the participants were men, and the remaining 60 were women.
Materials. The same four lists of 24 countries from Experiment 1 were used.
Design and procedure. As in the previous experiment, participants were initially presented with one list of countries on the computer and asked to estimate the populations as a pretest. Participants were then given a certain amount of information pertaining to a seeding list and instructions that explained that this information could be used to improve their estimates of the populations of countries on the transfer lists. This information remained on the computer screen while participants estimated populations of countries on the third and fourth (posttesting) lists, which were intermingled in a pseudorandom order, constrained so that two out of every four consecutive countries were from the same list. To help prevent participants from making errors in estimation by forgetting to enter all of the zeros, we added a key on the keyboard that entered in three zeros. Participants were instructed that they could use this key instead of entering all of the zeros separately, to make the task easier.
There were seven versions of the information from the seeding list. In three conditions, participants were provided with information that was relevant to an abstraction strategy: either the mean of the populations (Condition 1); the mean and range of the populations (Condition 2); or the mean, range, and a frequency distribution of the 24 country populations (Condition 3). In the remaining three conditions, information that was designed to encourage an anchoring strategy was presented: the country and population that was closest to the mean for the seeding list (Condition 4); the list of all 24 countries and their populations (Condition 5); or the list of 24 countries and their populations, but without the country names (instead the countries were numbered from 1 to 24; Condition 6). In the control condition (Condition 7) no additional information was provided.
(See Appendix C.)
In the anchoring strategy, the accuracy of estimates depends on retrieval of populations of countries, and this strategy is more likely to be used when the countries are similar in some sense to the estimated country, which might depend on knowing country names. If the names of the countries are unavailable, then anchoring may not be the strategy of choice, or if it is used, it may lead to less accurate estimates than when the names are provided. Condition 6 was included to determine whether real-world information about the specific seed items is necessary to use these items as anchors for estimating new country populations. On the other hand, it is also possible that our participants would not recognize most of the country names and so there should be no difference between Condition 5, in which they received names and 24 populations, and Condition 6, in which no names were provided.
The order of lists was counterbalanced across participants in each condition as in Experiment 1. After completing the training and testing on the computer, participants were given a list of debriefing questions. The questions were designed to determine what strategies participants used and whether their strategies changed after they were given information (i.e., whether they used different strategies before and during testing). Some of the questions encouraged participants to describe their strategies. They included questions about participants' familiarity with the different countries, what their original choice of strategy was, and whether they thought they had used different strategies after receiving information. (See Appendix D.)
The remaining questions were more specific, asking about particular strategies and giving examples. For instance, participants were asked whether, after receiving the additional information, they realized that they had been underestimating all of the populations, or if they recognized one of the countries they were given in the additional information, whether they tried to use that population to estimate populations for countries they thought were similar. (See Appendix D.)
Results
As in Experiment 1, all of the estimates less than 1,000 were removed, which accounted for less than 1% of the total estimates. Three of the 84 participants were dropped from the following analyses because their questionnaire responses revealed that they did not understand the instructions and ignored the information presented to them. One of these participants was in Condition 1 (received only the mean for training), and 2 of these participants were in Condition 4 (received the country nearest the mean and its name). Again, the dependent variable is the OME between the estimated population and the actual population. Rank-order correlations between the estimates and the actual ordering of countries were also examined. Latin square was included in preliminary analyses as a between-subjects counterbalancing factor, but it was not a significant factor and so has not been included here. All of the variables examined are between subjects and within items, except the comparison of the pretest and posttest, which is within subjects and within items. The analyses with OME were conducted with both subjects and items as the random effect.
The results are summarized in Table 3 in terms of mean estimates, mean differences between the actual and estimated populations, the minimum and maximum OME, and the mean OME for each of the lists during each test.
A one-way analysis of covariance (ANCOVA) was conducted on the posttest OME, which included both lists estimated during posttesting, with the pretesting list as a covariate, to examine the seven seeding conditions. There was a main effect of condition, F 1 (6, 67) ϭ 10.84, MSE ϭ .041, p Ͻ .01; F 2 (6, 569) ϭ 124.06, MSE ϭ .051, p Ͻ .01. The control condition estimates had greater error than the six experimental conditions. Pretest was a significant covariate only in the subject analysis, F 1 (1, 67) ϭ 17.88, MSE ϭ .041, p Ͻ .01; F 2 (1, 569) ϭ 1.27, MSE ϭ .051, p ϭ .26. All of the conditions, with the exception of the control condition, had more accurate estimates on the posttest than on the pretest.
To test whether performance varied with the type of information given, a one-way ANCOVA was done on the six experimental conditions, without the control condition, with the pretest included as a covariate. There was no main effect of condition in the subject analysis, F 1 (5, 57) ϭ 1.11, MSE ϭ .026, p ϭ .37, but condition was a significant factor in the item analysis, F 2 (5, 474) ϭ 2.95, MSE ϭ .032, p ϭ .01. The covariate was significant in the subject analysis but not in the item analysis, F 1 (1, 57) ϭ 4.20, MSE ϭ .026, p ϭ .05; F 2 (1, 474) ϭ 2.35, MSE ϭ .032, p ϭ .13. Although there were no differences between conditions in the subject analysis, in the item analysis planned contrasts revealed that the two conditions in which participants received 24 countries had more accurate estimates than did the condition in which participants received only the mean country population without the country name (conditions with the most and least specific seed information), F(1, 95) ϭ 10.17, MSE ϭ .205, p ϭ .01 (see Table 3 ).
It appears that providing any information at all gives a large benefit over providing none, as participants in all of the experi- Note. Means are based on corrected OME with three excluded participants. Mean differences are between estimated and actual populations. OME ϭ order of magnitude of error; Min. ϭ minimum; Max. ϭ maximum. mental conditions were more accurate than those in the control condition. However, the item analysis, which had more statistical power, showed that participants who received 24 countries performed better than those receiving less specific information. This finding may indicate that some participants use only a small amount of the available information to improve their estimates but that increasing the number of items available initially improves performance for other subjects. Rank-order correlations. The r to z transformed rank-order correlations for the estimates were examined in a 2 (pretest or posttest) ϫ 7 (condition) ANOVA.
3 There were no significant effects. The back-transformed mean correlations for each condition for both the pretest and posttest are in Table 4 .
Variance comparisons. Although there were few differences between the means of the six experimental groups, the different seeding information may have resulted in different estimation strategies that would impact the variance of these groups. For example, we might expect that the error in estimates would vary more when participants were given only the mean than when they were provided with all 24 countries. To examine this possibility, the variances of the seven conditions on the posttest were compared using F ratios. Any differences reported as statistically significant had a probability value of less than .05 after a Bonferroni adjustment was made for conducting multiple tests.
The variance in the posttest scores for Condition 7 (the control condition) was significantly larger than in all of the experimental groups, F(11, 11) ϭ 65.98; F(11, 11) ϭ 9.70; F(11, 11) ϭ 12.22; F(9, 11) ϭ 65.98; F(11, 11) ϭ 29.99, when compared to Conditions 2, 3, 4, 5, and 6 respectively, except for Condition 1, F(10, 11) ϭ 4.28, p Ͼ .05 (in which only the mean of the 24 populations was given). This finding is not surprising in view of the fact that the participants in the control condition received no information on which to base their estimates. It is interesting that Condition 1 had significantly higher variance than both Condition 2, F(11, 10) ϭ 14.69, p Ͻ .05 (in which both the mean and range of populations were given) and Condition 5, F(11, 10) ϭ 14.69, p Ͻ .05 (in which all 24 countries and their populations were provided), which had the lowest variance.
The variances for the seven conditions were also compared using the pretest scores. Using the Bonferroni adjustment for multiple tests, there were no statistically significant differences. The variances for the seven conditions on the pretest, as well as on the posttest in Experiment 2, are included in Table 5 , along with the pretest and posttest (at the end of Week 1) values for Experiment 1.
Questionnaires. The questionnaires that were completed at the end of the experiment were coded according to the strategies that participants used during the pretesting and posttesting phases of the experiment. For example, if participants reported using the average population as a way to improve their estimates, they were coded as using a mean strategy. If they reported using both the average and information about the biggest and smallest countries, or reported that knowing the largest and smallest populations was helpful, then they were coded as using the range and mean (see Table 6 ). Note that not all of the questionnaires could be coded and thus are not included in either Table 6 or the following discussion.
It is interesting to note that 27% of the participants who received 24 countries (Conditions 5 and 6) reported on the questionnaire using the mean and/or the range of country populations to aid in estimating the posttest countries, which suggested that they had abstracted this information from the lists of countries. None of the students who were in Condition 5 or 6 reported using distribution information, which may be more difficult than mean or range information to abstract, or to understand. Although the questionnaire reports lend support to the general information, or abstraction, explanation of the seeding effect, they also constrain this explanation. The fact that only the mean and range, and not distributional information, were abstracted by participants who received the entire list of populations may be indicative of the relative difficulty of abstracting distribution information or may suggest that participants were not trying to use this information.
The remainder of the students (73%) who received all 24 countries reported using the populations given as examples to base their estimates on, which provides some evidence that anchoring may be the dominant strategy when a sample of populations of countries is available. The rest of the participants generally reported using a strategy consistent with the type of information given (e.g., used the mean if the mean was given) in combination with various types of real-world knowledge (location, degree of industrialization, etc.).
Specific estimates. Once again, estimates were examined for evidence of anchoring. There were 200 instances of participants using the exact seed populations as posttest estimates in this experiment, accounting for 5.2% of the total estimates during 3 A parallel analysis was conducted on average r to z transformed Pearson correlations. There were no differences between the two analyses, with the exception of a significant difference between the pretest and posttest scores on average in the Pearson correlation analysis, F(1, 74) ϭ 4.36, MSE ϭ .076, p ϭ .04. posttesting. Although in Experiment 1 participants had to rely on memory for specific populations, participants in Experiment 2 had all of the seed populations available during posttesting. Twelve out of 81 participants used this strategy at least once during the experiment. Seven of these participants were in Condition 6, in which they received 24 countries with no names as their seeding information, accounting for 190 of the 200 instances. The fact that there were no names attached to the populations may have encouraged participants to use the populations for transfer estimates, even though they were told that the seeding populations were for different countries than those included on the posttest. Of the remaining participants, two (accounting for 2 instances) were in Condition 2 (mean and range), two (accounting for 3 instances) were in Condition 3 (mean, range, and distribution), and one (accounting for 5 instances) was in Condition 5 (24 countries with names). Of the 12 participants who used exact seed populations as estimates, 6 reported using specific examples on their questionnaire. Furthermore, responses of these participants accounted for 83% (166 out of 200) of the exact seed populations used as estimates. This finding concerning the use of the exact (four to six significant digits) seed populations in estimates of transfer countries provides even stronger direct evidence than that gathered from Experiment 1 that some participants are relying on an anchoring strategy. The increase in anchoring strategy usage in this experiment no doubt is attributable to the fact that participants did not have to rely entirely on their memory for seed populations.
Discussion
This experiment was initially designed to distinguish between the contributions of specific and general information to the accuracy of estimates on the immediate posttest. The results indicate that population estimates may be improved equally with either type of information in almost any amount. In addition, variations in the amount of information had little impact on the improvements in estimates following seeding, except in the item analyses and variance comparisons, in which a small advantage was found for 24 seed populations. Seeding benefits on an immediate posttest may be based on very little information, indicating that anchoring could underlie the seeding effect if even a few populations could be recalled.
The questionnaires indicated that participants thought they used both anchoring and abstraction. When enough specific information was available, general information, such as the mean, was abstracted by a quarter of the participants and used for estimating transfer populations. However, most of the participants reported using a strategy consistent with anchoring when anchoring was an option.
There were also some differences in accuracy between the most extreme conditions such that when 24 countries were presented, estimates were more accurate than when only the mean population was available, at least by the item analysis. Although presenting 24 countries may yield somewhat more accurate estimates than presenting only the mean, our results also suggest that it is not necessary to train participants on a subset of populations containing 24 examples to obtain large improvements in the accuracy of estimates. Providing a single example, or even abstract information like the mean, leads to nearly equal improvements. Although the durability of the improvements was not directly tested in Experiment 2, previous research in other domains has indicated that both general knowledge (Sachs, 1967) and small amounts of specific information are robust to forgetting (Posner & Keele, 1970) . Thus, the kind of information used by participants in Experiment 2 to improve their estimations is expected to be durable.
Experiment 3
This experiment was designed to investigate the durability of different types and amounts of seeding information. Because few differences were found among experimental conditions in Experiment 2, only four seeding conditions were used in this experiment. These conditions were created by crossing two factors: either one or three country populations were provided, to examine the effect of amount of information, and the names of these countries either were or were not provided to determine whether the availability of names improved performance. Based on the findings of Experiment 2, we predicted that there would be no differences between conditions at the immediate posttest. During the retention interval the information might decay variably, according to the amount and type of information provided during seeding, indicating that the mental representations formed during seeding are actually different across conditions, despite the similar performance on the immediate test. For example, participants might be more likely to remember at least one country when three are presented as seeds. Likewise, when country names are provided, a more elaborate encoding of the country populations may be possible, which could lead to better retention. Because we found no benefits from providing the names of 24 seeding countries on an immediate posttest in Experiment 2, however, it could also have turned out that providing names does not influence retention of the seed items. In all cases, we expected that the performance on the retention tests would be more accurate than on the pretest, indicating that durable representations were formed during seeding. As in Experiment 1, we also predicted that performance on the retention tests would be less accurate than on the immediate posttest, with performance on an initial retention test (after 2 weeks) being more accurate than performance on a second retention test (after 2 months). Brown and Siegler's (1993) work raised the possibility that familiarity plays a role in seeding estimation tasks. They found that participants had a tendency to overestimate the populations of Note. Missing data (indicated by dashes) are the result of incomplete answers or answers that could not be coded.
familiar countries, especially before seeding. In Experiment 3, we hypothesized that participants would find it easier to estimate the populations of familiar, in contrast to unfamiliar, countries using the seed information. For example, participants might have a sense of how much larger or smaller a familiar country is compared with the population provided as seed information. In addition, familiar countries may be better seed items, because they may be easier to remember, providing more durable anchors. To examine effects of familiarity, we asked all of our participants to rate their familiarity with each country before beginning the seeding tasks.
Method
Participants. Sixty-four undergraduate students at the University of Colorado at Boulder participated for course credit in an introductory psychology class. There were 18 men and 46 women.
Materials. The four lists of countries from Experiment 1 were used. Design and procedure. This experiment was conducted in three sessions that included both 2-week and 2-month retention intervals. In the first session, participants began by rating the familiarity of all 96 countries that were used in these experiments. The country names were presented one at a time by computer, and participants were asked to rate their familiarity with each country on a scale ranging from 1 (low) to 6 (high). The countries were presented in two pseudorandom orders, so that half of the participants saw them in one order and the other half saw them in the opposite order.
Following the rating task, participants were given a pretest, as in the previous experiments, during which they were presented with one list of countries on the computer and asked to estimate the populations. They were then given a certain amount of information pertaining to a seeding list and instructions that explained that this information could be used to improve their estimates of the populations of countries on the transfer lists, as in the second experiment. This information remained on the computer screen while participants estimated populations of countries on a third list, followed by the pretest list again, as an immediate posttest.
After 2 weeks, participants returned for the first retention test. Half of the participants completed this retention test, and half completed a filler task. Participants who performed the retention test were presented with a fourth list of countries on the computer and asked to estimate their populations. Following the fourth list, participants were presented with the pretest and posttest lists intermingled in a pseudorandom order, constrained so that of every four items two were from each list. During the retention test participants did not have access to the seeding information. Six weeks later (2 months from the original training session), participants returned to the laboratory. This time all participants completed the retention test just described, so that half of them completed the identical test twice whereas half completed it for the first time.
Four versions of the seeding information were created from the seeding list country populations. Two factors-whether the names of the countries were presented with the populations and the number of countries (one or three) that were presented-were crossed to create four conditions of seeding information. Participants who received a single seed item during seeding saw the population closest to the mean of the list. When three items were presented, they included the population closest to the mean, the smallest population, and the largest population, so that participants received information pertaining to both the center and the range of the distribution, although they were not told this fact explicitly.
Results
As in the previous experiments, all of the estimates less than 1,000 were removed, which accounted for less than 1% of the total estimates. Three participants did not attend one of the three sessions, and their missing data were replaced with the mean for their training condition for the particular test. The main dependent variable is the OME between the estimated population and the actual population (see Experiment 1) . Rank-order correlations between the estimates and actual populations were also examined. Analyses were conducted with both subjects and items as the random effect. The counterbalancing factor (Latin square) was included in the initial analyses but was not a significant factor so is not included in the results reported here. All of the variables (name, number, and retention interval) examined are between subjects and within items except the comparison of the pretest, posttest, and retention tests, which is within subjects and within items.
The results are summarized in Table 7 in terms of mean estimates, mean differences between the actual and estimated populations, the minimum and maximum OME, and the mean OME for each of the lists during each test.
A 2 (type of test: immediate or retention) ϫ 2 (name: provided for seeds or not) ϫ 2 (number: one or three seeds) ϫ 2 (retention interval: 2 weeks or 2 months) ANCOVA was conducted on the OME with the pretest scores included as a covariate. Only the first retention test (2-week) was used for participants who completed both a 2-week and 2-month retention test in both the subject and item analysis. For the remaining participants, the first retention test was used as well, but in that case the test was at 2 months. As expected, there was a main effect for test, F 1 (1, 55) ϭ 36.15, MSE ϭ .109, p Ͻ .01; F 2 (1, 95) ϭ 139.74, MSE ϭ .347, p Ͻ .01, with error lower immediately after training than on the retention test (corrected means: immediate ϭ .51, delayed ϭ .87). The pretest scores were a significant covariate,
The three-way interaction among test, name, and number failed to reach significance in the subject analysis but was significant in the item analysis, F 1 (1, 55) Ͻ 1, MSE ϭ .109, p ϭ .36; F 2 (1, 95) ϭ 26.52, MSE ϭ .183, p Ͻ .01 (see Figure 2) . Although conditions were roughly equivalent on the posttest, error increased the least between the posttest and retention test for the condition providing three countries with names as seed information. There was a main effect for number of seeding items in the subject analysis but not in the item analysis, F 1 (1, 55) ϭ 4.72, MSE ϭ .082, p ϭ .03; F 2 (1, 94) ϭ 1.10, MSE ϭ .631, p ϭ .30, such that participants who received three items were more accurate than participants who received one item (corrected means: three ϭ .66, one ϭ .72). There was no main effect of name in the subject analysis, but name was a significant factor in the item analysis, F 1 (1, 55) Ͻ 1, MSE ϭ .082, p ϭ .85; F 2 (1, 94) ϭ 15.13, MSE ϭ .151, p ϭ .02, with lower error when names were provided for seed items (corrected means: name ϭ .62, no name ϭ .75). The interaction between the name and number factors was not significant by subjects but was by items, F 1 (1, 55) ϭ 1.02, MSE ϭ .082, p ϭ .32; F 2 (1, 94) ϭ 36.42, MSE ϭ .158, p Ͻ .01. In addition, the interactions between name and test, F 1 (1, 55) Ͻ 1, MSE ϭ .109, p ϭ .85; F 2 (1, 95) ϭ 4.21, MSE ϭ .241, p ϭ .04, and number and test, F 1 (1, 55) ϭ 1.22, MSE ϭ .109, p ϭ .28; F 2 (1, 95) ϭ 8.16, MSE ϭ .180, p ϭ .01, were significant only in the item analysis. The length of the retention interval was significant by both subjects and items, F 1 (1, 55) ϭ 10.07, MSE ϭ .082, p Ͻ .01; F 2 (1, 94) ϭ 5.27, MSE ϭ .207, p ϭ .02, with participants who returned after 2 weeks performing more accurately than participants who were tested after 2 months (corrected means: 2 weeks ϭ .66, 2 months ϭ .72).
The data from participants who returned for both retention tests (2 weeks and 2 months) were examined in a separate subjects ANCOVA with all three tests (posttest, retention 1, and retention 2) as a repeated measure, the name and number factors included as between-subjects factors, and pretest included as a covariate. Thirty-two participants contributed to this analysis. The parallel item analysis was conducted on the data from these 32 participants as well. The main effect for test was significant, F 1 (2, 54) ϭ 9.68, MSE ϭ .045, p Ͻ .01; F 2 (2, 190) ϭ 10.24, MSE ϭ .059, p Ͻ .01.
Planned contrasts in the subjects analysis confirmed that participants were worse on both retention tests (corrected means: first retention test ϭ .79; second retention test ϭ .83) compared with the immediate posttest (corrected means: posttest ϭ .53), F 1 (1, 27) ϭ 13.44, MSE ϭ .090, p ϭ .01. These contrasts also showed that estimates did not decline significantly between the first and second retention tests, F 1 (1, 27) ϭ 2.29, MSE ϭ .061, p ϭ .14. The pretest acted as a significant covariate, F 1 (1, 27) Note. OME ϭ order of magnitude of error; Min. ϭ minimum; Max. ϭ maximum; Pre ϭ pretest; Post ϭ posttest.
The three-way interaction among test, name, and number was not significant in the subjects analysis but was significant in the item analysis, F 1 (2, 54) Ͻ 1, MSE ϭ .045; F 2 (2, 190) ϭ 25.62, MSE ϭ .052, p Ͻ .01. There were few differences between the conditions on the immediate posttest, but after the retention tests there was an advantage for having received three countries with their names as seed items (see Figure 3) . The main effect of number was marginally significant in the subject analysis and significant in the item analysis, F 1 (1, 27) ϭ 3.77, MSE ϭ .110, p ϭ .06; F 2 (1, 94) ϭ 3.97, MSE ϭ .074, p ϭ .05, such that participants who received three seed items (corrected mean: .70) had lower error than did participants who received only one seed item (corrected mean: .73). There was no main effect of name in the subjects analysis, but it was significant in the item analysis, F 1 (1, 27 ) Ͻ 1, MSE ϭ .110, p ϭ .92; F 2 (1, 94) ϭ 21.93, MSE ϭ .095, p Ͻ .01, with lower error when names were provided with seed items (corrected mean: .66) than when names were not provided (corrected mean: .77). The interaction between name and number was not significant in the subjects analysis but was significant in the item analysis, F 1 (1, 27 Familiarity ratings. Brown and Siegler (1993) found that participants' familiarity ratings were a good predictor of their estimates when no seed information was provided. We examined the relationship between our participants' familiarity ratings for each country and their OME on the pretest for each country, and we found that as familiarity increased, error significantly decreased, though not by much, r(1464) ϭ Ϫ0.093, p Ͻ .01. Familiarity was included as a covariate in an additional set of analyses parallel to the analyses described earlier, but was not significant, nor did it participate in any significant interactions.
Rank-order correlations. The r to z transformed rank-order correlations between the participants' estimates and the actual country populations were examined in a 3 (pre-, post-, or retention test) ϫ 2 (names) ϫ 2 (number) ϫ 2 (length of retention) ANOVA with subjects as the random effect.
4 There were no significant effects. Back-transformed average r to z scores for each test by condition are presented in Table 8 .
Specific estimates. There were 104 cases in which participants used the exact seed populations as estimates for transfer countries in Experiment 3, which accounted for 1.4% of the total estimates. Nearly all of these estimates were during the immediate posttest while the seed information was still present on the computer screen (102) whereas only a couple were during the retention test, requiring memory for the specific information (2). Thirteen out of 64 participants used this strategy at least once during this experiment. Six of these participants received only the mean population, with no name, whereas the seven remaining participants received the mean and largest and smallest populations, with no names. Once again, receiving populations with no names during seeding increased the likelihood that participants would adopt an anchoring strategy. Also, as observed in Experiment 2, eliminating the need to hold the seed items in memory increased the evidence for anchoring by our stringent criterion (four to six significant digits).
Discussion
Experiment 1 provided evidence for significant forgetting over two retention periods of different durations. In Experiment 2 few differences among participants at an immediate posttest were observed, despite providing them with vastly different seeding information (from the mean population to 24 countries and their names). On the basis of these findings, we hypothesized that almost any type or amount of information would result in representations that could support immediate benefits but that the durability of these representations might depend on the type and amount of information provided. Order of magnitude of error (OME) corrected for the pretest scores for population estimates in Experiment 3 for only the participants who returned for both 2-week and 2-month retention intervals.
In Experiment 3 we found that participants who received different amounts and types of seeding information did not perform differently on the immediate posttest. However, after a 2-week retention interval, participants who received more information showed less forgetting. This result was also true for participants tested after a 2-month retention interval. We found that when three seed items and their countries' names were provided during seeding, the amount of forgetting over the retention intervals was the smallest, at least by the item analysis. The interaction between name and number in the item analysis suggests that names are more beneficial when more than one seed item is presented, perhaps because the names encourage a more differentiated or organized representation of the three country populations. The fact that this interaction was not significant in the subject analysis implies that these results hold generally across items but not across participants, indicating that some but not all of the participants demonstrated this pattern. Thus, not all of the participants found it useful to have both the name and three seeds, but those who found it useful did so for all items. As in the previous experiments, we cannot rule out either anchoring or abstraction as explanations for the improvements following seeding.
The correlations between participants' familiarity and their overall estimates were small in general, although the relationship was significant before seeding. Familiarity ratings did not interact with the type of seeding information provided in the analysis of covariance, indicating that the participants' familiarity with the seed items did not significantly impact their estimations or retention of seeding information. Although we had initially expected that familiarity might mitigate the impact of seeding, it appears that other factors are more important. This result is consistent with the study by Friedman and Brown (2000) , who also found that self-reports of knowledge about different cities were not related to improvements in estimates of latitudes.
General Discussion
Experiment 1 provided a successful replication of the seeding effect, first reported by Siegler (1993, 1996) , but with better experimental controls. Differences between our results and theirs shed some light on the distinction between anchoring and abstraction as possible explanations of seeding. If participants engaged in an abstraction strategy, then they should have acquired general information about populations from the seeding list, such as the mean population and range of populations. Estimates for new country populations would have been based on the framework provided by this general information. On the other hand, if participants used an anchoring strategy, they should have based their estimates on selected, specific seed items that a test country elicited through a cued retrieval process.
In contrast to the results of Brown and Siegler (1996) , our participants had more accurate estimates for the seeding items than for the other countries even after a lengthy retention interval. Whereas Brown and Siegler concluded that participants forgot all specific seeding items and relied on abstracted parameters at retention, our results suggest that at least some anchoring information is retained up to 2 months. Of course, even in our experiments it is unlikely that anchoring was the only strategy used by participants. We also found that the accuracy on the estimates for the transfer countries did not drop as the seeding items were forgotten after the retention interval, suggesting an abstraction process. Thus, our findings lead us to suspect that both anchoring and abstraction play a role in the seeding effect. We argue that anchoring is used while the items are still available, shortly after seeding, but is gradually replaced by abstraction after a long retention interval.
Whereas Experiment 1 relied on the forgetting of the seed items over time to indicate whether anchoring played a role, the second experiment addressed the use of both strategies directly. Participants in the second experiment were not required to remember any information, but rather made immediate estimates. They were provided with different types of information about the seed countries' statistical properties in some cases, and in other cases they were given specific item information that could be used for anchoring. There were few differences in the accuracy of estimates that depended on the type of information provided. The item analysis indicated that participants who received 24 country populations did perform more accurately than participants who received only the mean but that there were no differences between any of the other conditions. In other words, having all 24 country populations available during posttesting did not lead to more accurate estimates than having the mean and range of the 24 populations. Thus, the amount of information provided did not have a large impact on the accuracy of estimates on the immediate posttest. At least when there is no memory component to the task, the type of information, abstract or specific, does not seem to make a large difference, and neither anchoring nor abstraction emerged as the more likely explanation of the immediate seeding effect.
Based on self-reports, it appears that in the majority of cases, the choice of strategy was constrained by the type of information provided. For example, if the participants saw the mean of the 24 populations, they reported that they based their estimates on the mean, as they would if they had abstracted the mean from a list of populations themselves. If they saw all 24 populations, they reported that they used some or all of these examples to estimate new populations, which is consistent with the anchoring explanation. The participants who received all 24 countries, both with and without their names, are of particular interest as they were provided with sufficient information to abstract a statistical framework or use specific items as anchors. Roughly one quarter of the participants who received this information reported in their questionnaires that they had abstracted information from the list to use in estimating the new populations, whereas the remaining three quarters of the participants used certain examples as anchors. When memory is not an issue, and anchoring is perceptually possible, as when all countries are available, few participants appear to adopt a strategy consistent with abstraction. In fact, anchoring seems to be the preferred choice. In general, however, both anchoring and abstraction were used as strategies by participants, and this choice was guided mainly by the type of informa- tion available, suggesting that in Experiment 1 some participants probably used a strategy of anchoring as long as seed items were available in memory. Experiment 3 was designed to investigate the durability of both general and specific information in a paradigm similar to Experiment 2. This experiment manipulated both the types of information provided as seeds and the amount of time between seeding and testing. Participants saw either one country (the mean) or three countries (mean and range). They were given these seeds with or without the country names. To use an anchoring strategy effectively, participants may use nonquantitative information about seed items to estimate new items, so not having the names of the seed items may make using this strategy more difficult. Given the results from our previous experiments, we hypothesized, and found, that there were no differences among the four conditions at the immediate posttest but that after the retention interval significant differences emerged mainly in the item analysis. The combination of three seeds with names proved to have the most durable effects on estimation accuracy. Names may have encouraged distinct, nonoverlapping encoding of the three items and aided in retrieval of the country populations.
In all three of our experiments, seed information led to improved accuracy (i.e., reduced OMEs) in estimates of transfer populations but not to improved rank-order correlations between estimated and actual population values. These findings are consistent with those reported by Brown and Siegler (1996) , who interpreted them as evidence for the acquisition of metric, but not mapping, knowledge of populations through seeding. In other words, participants gained an understanding of population parameters and some specific population values but did not gain an appreciation of relative population sizes in any of these experiments.
All of the evidence summarized to this point in support of the use of anchoring (i.e., using specific instances) to estimate novel country populations is indirect. One of the novel features of the present experiments is an analysis that reveals directly that participants sometimes use exact (to a strict criterion) seed values as estimates of transfer country populations. Exact estimates of this type appeared in all three experiments but most frequently in Experiments 2 and 3, in which participants did not have to rely on their memory for the seed populations. This evidence shows clearly that some participants use anchoring for some of their estimates.
This series of experiments has identified some characteristics of the representations that likely underlie the seeding effect. We have determined that fairly minimal information, such as a single population or parameter, may be responsible, which makes it difficult to rule out completely either anchoring or abstraction. In addition, it seems likely that either the type of representation may change over time as information is forgotten or that different representations are formed initially, which are variably resistant to forgetting. 5 We have reported a series of three experiments designed to identify the representations that underlie the benefits of seeding the knowledge base (Brown & Siegler, 1996) . Although we were successful in replicating the durable improvements following seeding, we were unable to distinguish empirically between the proposed explanations for seeding, anchoring, and abstraction. According to an anchoring explanation, participants remember specific seed populations that they then use as the basis for making estimates for new populations. Alternately, abstraction involves abstracting statistical information from the seed items to form a metric framework used for making new estimates. Previously, Brown and Siegler claimed that abstraction was the most plausible explanation for the seeding phenomenon. However, we have demonstrated that either explanation, or a combination of both, can account for the data from specific participants. Further, we have found that although different amounts and types of seeding information do not differentially impact performance on an immediate test, they may lead to representations of varying durability. 5 To examine further the type of representation that supports seeding, we developed a simulation of Experiment 1 using the Leabra framework developed by O'Reilly and Munakata (2000) . The simulation provides strong support for the plausibility of our general conclusions about seeding. First, seeding may be accomplished with minimal information-in the model, even though only a few representations were formed, the improvements following training were dramatic. Second, a combination of anchoring and abstraction can provide the necessary representations for seeding to occur and remain durable. For further information about the simulation of Experiment 1 please contact Nadezhda N. LaVoie. 
